Excessive zinc intake elevates systemic blood pressure levels in normotensive rats--potential role of superoxide-induced oxidative stress.
The present study was designed to examine whether or not excessive Zn intake affects systemic blood pressure (BP) levels in a normotensive state. Systolic BP (SBP) and mean arterial pressure (MAP) before and after administration of the nitric oxide synthase (NOS) inhibitor, N-nitro-L-arginine methyl ester (L-NAME) or the exogenous superoxide scavenger, tempol and the activity of the endogenous superoxide scavenger, Cu/Zn-superoxide dismutase (SOD) and levels of endothelial type (e)NOS mRNA and protein in the thoracic aorta were analyzed in male Sprague-Dawley rats fed a standard diet containing 0.005% Zn or a high Zn diet containing 0.5% Zn for 8 weeks. SBP and MAP levels observed at the end of dietary conditioning were significantly elevated in rats fed a high Zn diet relative to rats fed a standard diet. Administration of L-NAME caused an increase in MAP levels in rats fed a standard and a high Zn diet, demonstrating the involvement of the vasodilator, nitric oxide (NO) in the regulation of systemic BP in the two groups of rats. However, the expression of eNOS mRNA and protein in the thoracic aorta was not significantly different between rats fed a standard and a high Zn diet. On the other hand, administration of tempol led to a decrease in MAP levels in rats fed a standard and a high Zn diet, indicating the participation of the oxygen free radical, superoxide in the modification of systemic BP in the two groups of rats. As reported recently, the mechanism involved is due likely to a decrease in the action of the vasodilator, NO through the formation of peroxynitrite based on the non-enzymatic reaction of superoxide and NO. In addition, tempol treatment dramatically restored MAP levels in rats fed a high Zn diet to levels comparable with those observed in rats fed a standard diet, indicating that an elevation in systemic BP levels seen in rats fed a high Zn versus a standard diet is presumably brought by a reduction in the action of the vasodilator, NO resulting from an increase in the action of superoxide. The activity of Cu/Zn-SOD in the thoracic aorta was significantly reduced in rats fed a high Zn diet relative to rats fed a standard diet, appearing to at least in part, play a role in an increase in the action of superoxide in the vessel wall of rats fed a high Zn diet. Excessive Zn intake may be a factor to elevate systemic BP levels in a normotensive state presumably through the oxidative stress caused by superoxide.